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PeXT; The authors proceed from the data published in Refs. 14, 
according to which the composition of copolymers changes when, instead 
of organosodium~} organolithium compounds are used as catalysts, and the 
polymerization occurs in hydrocarbons instead of in amines and ethers. 
The polymerization ig accelerated by the conversion of LiR to NaR and 
the substitution of amines, ether, or tetrahydrofurane for hydrocarbon. 


Pre authors infer from this that the structure of the carbanion 
components of the catalysts for LiR and Nak differ not only in hydro- 
carbons but alse in polar solvents. This was cheoked by examining the r 
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§1612 
Electron Absorption Spectra of Carbanions s/190/60/002/02/11/011 
in the Polymerization of Styrene in the B004 /B061 


Presence of Organometallic Compounds 


absorption spectra in the near ultraviolet range, The spectra of 
carbanions formed by polymerization of styrene in the presence of 

Lik or NaR in different media were taken with an (CO ~4 peed) spectro- 
photometer according to I. V. Astafiyev's method (Ref. ), excluding 
dampness and oxygen. Fig. 1 shows the dependence of the optical density 
on the wavelength for lithium polystyrene in different media, Fig. 2, 
the same for sodium polystyrene, and Table 1 gives the absorption 
maxima. The results are: The absorption maximum is shifted to longer 
waves (from 330 mp to 395 my) by the use of organosodium compounds. 

This confirms the strengthening of the carbanion character in Nak ae 
opposed to Lik. The solvent (toluene, toluene + triethylamine, toluene + 
tetrahydrofurane) has no effect on the position of the absorption bands, 
and only changes the intensity of absorption. There are 2 figures, 

1 table, and 6 references: 3 Soviet and 3 US. r 


ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico- 
chemioal Institute imeni L. Ya. Karpov) 
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AUTHORS: Spirin, Yu. Le, Polyakov, De Key Gantmakher, aL sul singts ? 
Medvedev, S. S. 


TITLE: Polymerization and Copolymerization of Isoprene Initiated by 
Ethyl Lithiun - 


PERIODICAL: Vysokomolekulyarnyye soyedineniya, 1960,.Vol. 2, No. 7, 
pp. 1082-1092 


TEXT: In a previous paper it has been shown (Ref. 1) that the polymeri- 
zation mechanism of styrene in the presence of ethyl lithium changes cone 
siderably with the transition from a hydrocarbon solvent to a triethyl- 
amine toluene mixture. Here, the polymerization and copolymerization laws 
of isoprene and styrene by ethyl lithium are investigated under various 
conditions. Ethyl lithium was synthesized by reaction of metallic lithium 
and ethyl chloride in benzene (Ref. 2). After recrystallization it was 
solved in toluene, vacuum-filtered and filled into ampoules. From then, 
the solution was filled into the device shown in Figs 1. The polymeri- 
zation was carried out in the dilatometer shown in Fig. 2. The polymers 
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Polymerization and Copolymerization of Isoprene 8/190, 60/002/007/01 2/017 
Initiated by Bthyl Lithium B020/B052 


were precipitated from the obtained solutions by methanol. During the 
isolation of polyisoprene, the antioxidant HEO30H -A\(Neozone=). was added 
to methanol. The polymers were vacuum-dried, and the viscosity of poly- 
styrene in benzene (Ref. 1), and that of polyisoprene in toluene were de- 
termined at 30°. The composition of the copolymers was IR-speotrographical- 
ly ard refractometrically determined from their hydrogen and carbon con~- 
tents on the basis of the supposition that the intrinsic viscosity is an 
additive quantity. The difference in the results obtained by various 
methods, was not more than +205 The dependence of the polymerization 
rate of isoprene on the concentration of the monomer in toluene, ethyl 
lithium in toluene, triethyli amine and the catalyst in a toluene - triethyl 
amine mixture, is graphically presented in Fig. 3- It ishowe.:: that the 
polymerization rate is proportional to the monomer concentration. In the 
toluene - amine mixture, the polymerization rate is proportional to the 
concentration of the catalyst. However, the dependence of the polymeri- 
zation rate in hydrocarbons in connection with the lithium polyisoprene 
association, on the concentration of the catalyst, is more complicated. 
Fig. 4 shows the kinetic curves of the isoprene and styrene polymerization 
with 0.003 mole/l of ethyl lithium solution in toluene, and in a toluene - 
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Polymerization arid Copolymerization of Isoprone s/190/60/002/007/012/017 
Initiated by Bthyl Lithium B020/B052 


amine mixture. The temperature dependence. of. the polymerization rate of 
igoprene in toluene and a toluene - amine mixture, is shown in Figs. 5 and 
6. Table 1 gives the activation energies and rate constants during the 
increase of the chains in the isoprene and styrene polymerizations. For 
comparison, the same quantities are given a8 to radical polymerization. 

EB = 14.3 kcal/mole, 500 = 0.5 in the polymerization of isoprene in toluene 


and in the amine - toluene mixtures B = 9-2 kcal/mole, and K590 = 0-03. 
The dependence of log [ym] on log M for polyisoprene in toluene, and toluene 


position of isoprene styrene copolymers in various solvents at 27°C; the 
kinetic curves of the system under different conditions are given in 
Fig. 8. The constants of the: copolymerization of isoprene and styrene in 
toluene were found to be rT, * 9.5, tT) * 0.25; in a toluene - amine 


with a triethylamine addition, are shown in Fig. 7. Table 2 gives the com~ 7. 


mixture r, 2 1, fp = 0.8. On the basis of the results obtéined, a poly- 


merization mechanism was suggested for vinyl and diene-monomers in the 
presence of ethyl lithium under various conditions. There are 6 figures, 
2 tables, and 11 references: 6 Soviet and 5 US. 2 


Card 3/4 


APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3" 


7/2001 


TYbrr AH pir theif BOD et 


Polymerization and Copolymerization of Isoprene s/190/60/002/007/012/017 
Initiated by Bthyl Lithium BO20/B052 


ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova 
(Physico-chemical Institute imeni L. Ya. Karpov) 


SUBMITTED: March 17, 1960 


Card 4/4 


APPROVED FOR RELEASE: 09/17/2001 CIA-RDP86-00513R000614230002-3" 


"APPROVED FOR RELEASE: 09/17/2001 CIA-RD 
wee Pg ; i ah eee i 


$/190/60/002/008/009/017 
B004/B054 


AUTHORS : Zabolotskaya, ye. V., _Gantmakher, A. t., Nedvedev, S. S. 
TITLE: Polymerization of Styrene Under the Action of Complex 
Catalysts 


PERIODICAL: Vysokomolekulyarnyye soyedineniya, 1960, Vol. 2, No. 3, 
pp. 12413-1220 


TEYT: The authors attempted to determine the mechanism of polymerization 
of styrene by combined catalysts of TiCl, and triisobutyl- or triethyl. 
aluminum. Dosing of aluminum alkyl and nicl, was conducted in vacuo by 


means of the glass vessel shown in Fig. 1. Polymerization was performed 

in the apparatus of Fig. 2. Vessel 1 contained a ball with aluminum alkyl. 
The apparatus was evacuated to 1072 mm Hg for 18 hours. In a nitrogen flow, 
TACl, wag then filled into the dilatometer 2, and the styrene dissolved in 


benzene wag filled into vessel 3. The content of 3 wag poured into 1, the 
ball with the aluminum alkyl broken, and the whole filled into the dilato- 
meter 2. The dilatometer was melted off the vacuum apparatus at 250-300 um Hg, 
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Polymerization of Styrene Under the Action s/190/60/002/008/009/017 
of Complex Catalysts BO04d/BO54 


and polymerization was performed in a thermostat at 15°C. The following 
results were obtained: 1) There is a proportionality hetween the polyneri- 
zation rate w (moles/l+min) and the Ticl, concentration: for 0.0228 


moles/1 of TiCl,, wel0° = 0.186; for 0.1430 moles/1 of TiCl,, 


we40° = 0.635. 2) w is a linear function of styrene concentration: 


for 0.650 moles/1 of styrene, wel0° = 0.060; for 3.74 moles/1 of styrene, / 


wel0° = 0.379. 3) The aluminum alkyl concentration (between 0.01 and 0.06 —_ 
moles/1) and the ratio between TiCl, and aluminum alkyl do not affect the 


polymerization rate. 4) A study of the temperature dependence of the poly- 
merization rate showed; at 84°C, we102 = 0.281; at 63.5°C, we102 = 0.083, 
5) When calculating w' = w+103/[TiC1,] [styrend), log w' is a linear function 
of 1/1, The activation energy was found to be 11.0 kcal/mole. 6) 60-70% of 
the polymer obtained had a molecular weight of 1,000,000 - 1,500,000. The 
molecular weight did not depend on the monomer concentration. These data 
indicate a mechanism of polymerization similar to the polymerizasion of 
ethylene and propylene: wt +M— My + MW*, The authors thank Z. VY. Zvonkowa 
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and YN. Si. 6 Ivanova for determining the modification of a-TiCl,, and ne Te! 
eas for determining the molecular weight of the polymers. se tee : 
8 figures, 6 tables, and 15 references: 2 Soviet, G US, 1 French, 3 German 
and 3: Italian. 
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3/190/60/002/009/012/019 


B004/BO060 
AUTHORS : Lanovskaya, Le Mey Gantmakher, A. Roy Medvedev, S- S. 
TITLE: Polymerization of Ethylene \by Means of the Combined 
the Presence of Various Monomers. 


A catalyst a-TiCl, - AIR, in 

_—_——— 3 b) 

tT. The Effect of Various Monomers on the Polymerization of 
Ethylene \ 


PERIODICAL: Vysokomolekulyarnyye soyedineniya, 1960, Vol. 2, Noe 95 


ppe 1391-1397 


TEXT: The authors wanted to study the interaction of wrious unsaturated 
compounds with the combined catalyst, and its effect on the polymeriza- 
tion of ethylene under conditions at which these compounds still poly- 
merize at a negligibly low rate. The authors describe the purification 
of the reagents, the reaction vessel (Figo 2) with magnetics stirrer and 
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Polymerization of Ethylene by Means of the By 100/60) 0n2/002/G1e/019 
Combined Catalyst a-TiCl, - AIR, in the B004/B060 


Presence of Various Monomers. I. The Effect 
of Various Monomers on the Polymerization 
of Ethylene 


thermostat. and a device (Fig. 1) which served for introducing the 
octane solvent and the (i- ~C,H g)34l into the reaction vessel. The measure- 


ments were made at a constant ethylene pressure of 200 torr by the 

method developed by A. I. Gel'bshteyn and M. I. Temkin (Ref. 8). The 
experimental procedure was worked out by Gritsenko and Lanovakaya. 
a-methyl styrene, isoprene, butadiene, and isobutylene were used as ad- 
mixtures. In the first series of experiments (Table 1, Fig. 3), the 
monomer was filled into the reaction vessel before introducing the 
ethylene. In the second series of experiments (Tables 1,2, Figs. 4-6), 
the ethylene was first polymerized during two hours, the monomer was then 
added, and polymerization was carried on for five more hours. In the 
experiments specified in Table 1, the authors used TLC1, which was ob- 


tained from TACl, by reduction by means of antimony. Table 2 specifics 
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- polymerization of Ethylene by Means of the 3/190/60/002/009/012/019 
Combined Catalyst a-TiCl, ~ AlR, in the B004/B060 


Presence of Various Monomers. I. The Effect 
of Various Monomers on the Polymerization 
of Ethylene 


the experiments in which Ticl, was produced by the reduction of TiCl, 


by means of titanium metal. Experiments revealed thet the polymerization 
rate of ethylene is retarded in the presence of one of the monomer com~ 
pounds mentioned. The molecular weight of the resulting polyethylene 

is, however, not jafluenced thereby, As to their reaction-retard ing 

effect, the various monomer compounds are mentioned in the order buta- 
diene, isoprene > styrene > isobutylene > a-meth:rl styrene. Diene 
hydrocarbons, thus, have the greatest retarding eff3ct. The addition of 
monomers prior to or after the beginning of polymerization bears no in- / 
fluence on thie effect. The authors mention a disovesion by Aw Re. OW 
Gantmakher on a lecture by A. A. Korotkov at the International Symposium 

in Prague, 1957. There are 6 figures, 2 tables, anc 6 references: 

2 Soviet, 4 US, and 2 German. i 
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Polymerization of Ethylene by Means of the 8/190/60/002/009/012/019 

Combined Catalyst a-TiCl, - ALR, in the B00 4/B060 

Presence of Various Monomers, I, The Effect 

of Various Monomers on the Polymerization iy 

of Ethylene 

ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova 
(Physico-chemical Institute imeni L. Ya. Karpov) 

TL 


SUBMITTED: April 11, 1960 
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15-8) 01 BOOd/BO60 
AUTHORS: Lanovskaya, L- M., Gantmakher, A R., Medvedev, S. 5. 
TITLE: Polymerization of Ethylene by desis of Combined o-Til, -AlR, 


Catalyst in the Presence of Vari:us Monomers. II. Some 
Problems Concerning the Polymeri SS etc in the 
Presence of Combined Catalysts — az 


PERIODICAL: Vysokomolekulyarnyye soyedineniy:. 1960, Vol. 2, No. 14, Se 
pp- 1655 ~ 1658 é 


TEXT: This is a discussion of the results obtiined by the authors in Ref.1 
concerning the effect of various monomers on tie polymerization of ethylene 


by a-Tidl,-A1R, catalysts. The authors' experinents revealed that additions 


of isobutylene, styrene, isoprene, or butadiene raduce the polymerization 
rate of ethylene, complexes \of these monomers being formed on the catalyst 
surface. The ability to form complexes is reduced in the series . «+: 
butadiene ) isoprene > styrene > isobutylene > a-methyl] styrene. This 
succession is analogous to the series obtained by other researchers for 
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Polymerization of Ethylene by Means of S/190/60/002/011/010/027 
Combined a-TiCl, -A1R, Catalyst in the Presence B004/B060 


of Various Monomers. II. Some Problems Concerning the Polymerization 
Mechanism in the Presence of Combined Catalysts 


compounds of platinum, silver, and other metals. The authors base on their: 
experimental results to conclude that the monomers react with the titanium 
component of the catalyst. A reaction with the aluminum component, which 
is a Lewis acid, would yield another series of activities. The following 
reaction scheme is given: 


R k R Rx R 
TiC), .AIGR + MP M.TiCl “AICR (1) M.Tic1 AYR —4 0101 “AILR (2). 

\w_R 2 3 Nw \w_R 7 NM UR 

n n ned 

Polymerization by combined catalysts thus does not have a typical anionic 
course, but is a more complicated process, This has some resemblance with 
polymerization in the presence of lithium alkyls, but differs from it by 
specific properties which depend on the structure of the combined catalyst 
The authors mention A. A, Babushkin, L. A. Gribov, and A. D. Gel'man. 
There are 14 references; 5 Soviet, 4 US, 3 British, 1 French, and i German. 
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Combined a-TiCl,-A1R, Catalyst in the Presence B004/B060 


of Various Monomers. II. Some Problems Concerning the Polymerization 
Mechanism in the Presence of Combined Catalysts 


ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico+ 
chemical Institute imeni L. Ya. Karpov) 
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AUTHORS : Gantmakher, Ao R.,y Spirin, Yu. L. 
‘comemeaners POV LE EN Taal Spt pga { 
TITLEs Anionic Polymerization Under the Influence of Alkali 


Metals and Their Derivatives 
PERIODICAL: Uspekhi khimii, 1960, Vol. 29, No. 5, pPpe 629-647 


TEXT; This survey deals with polymerization under the influence of 

alkali metals and their derivatives. Anionic polymerization proceeds a 
accordéing to an ionic mechanism of the type of an acid-base inter- 

action (Ref. 1), in which the catalysts, or the active centers act 

as electron donors, while the monomers act as electron acceptors. 

Vinylidene cyanide and nitro-ethylene monomers, which readily react 

in anionic polymerization reactions, polymerize in presence of water, 
alcohols and amines (Refs. 3-7) without heating. The following mechanism 

ia assumed: (ROH + CH,=C(CN)o—> RO CH (CN), 


: : + ~ o- 4° 
initiation RO—CH,—G (CN), + ROH —~> R—0-—CH,—C (CN), + HOR 
H 


H 
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Anionic Polymerization Under the s/074/60/029/05/02/005 
Influence of Alkali Metals and Their B008/B006 
Derivatives 
chain reaction R—O—CH,—€ (CN) ¢nCHy=0 (CN) > a—o—[cit,—e(cH)9] : 
n+1 


Refs. 8-13 are the first papers published in the field of polymerization 

in the presence of alkali metals, amides and organic alkali-metal com- 

pounds. Further investigations in this field rendered it possible to 

clarify the nature of this process. Polymerization in liquid ammonia a 
HR 


in the presence of alkali-metal amides is discussed in Refs. 14-16. The 
following reaction mechanism was suggested: NH, +CH,=CHR > NH, —CH, 


(initiation), NH,— (CH)—CHR ),—CH,——CHR+CH=CHR —> NH,—-(CH,—-CHR) ,, , _ 
—CH,—CHR (chain reaction), NH,-—-(CH,—-CHR) , eq OHy—CHR+ HN > NH >— 


—(CH,—CHR) _, ¢—~CH,—CHR+NH, (chain termination). Polymerization in 


the presence of alkali metals and their organo-metallic compounds is 
discussed in Refs.1,17-35. For this type of reaction, the following me~ 
chanism, giving an organo-sodiun catalyst as an example, is assumed: 


+ = ~ + 
NaR,+CH)=CHR > Rk, sa a (initiation) R,—(CHy—CHR) -—CHy— 
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Anionic Polymerization Under the 3/074/60/029/05/02/005 
Influence of Alkali Metals and Their BO008/B006 
Derivatives 


- + + « 
BP cs he — Be Cl a ee (chain reaction), 


- + 
R,——(CH,—CER ) ica ae aaa > R,—-(CH,—CHR) 317 CHy-CHR+ NaOH 


n+1 

(chain termination). Chajn transfer reactions are also possible: 

Ry—CHy—CHWwW CH CHa + CHa=CHR —> RCH HVC Hw CHR+CH Hila 
£ as 2 1 2 38 


ya" ds 
(transfer to monomer), a a aac aa a a aa ae 


—CH,R+NaR! (transfer to solvent). It is evident from this reaction X 


scheme that the structure of the growing active center differs little 
from that of the initial organo-metallic compound. Only the structure 
of the organic radical bound to the metal changes. The initiation rate 
depends on the nature of the radical of the initial organo~-metallic 
compound, It can be smaller, equal, or greater than the rate of the 
chain reaction. It is a special property of organo~metallic catalyst 
initiated polymerization that, under certain conditions, lengthening 

of the chain can be continued until the monomer present in the reaction 
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Anionic Polymerization Under the s/074/60/029/05/02/005 
Influence of Alkali Metals and Their B008/B006 
Derivatives 


mixture is completely used up. The kinetics of polymerization in the 
presence of alkali metals have scarcely been investigated. Polymeriza-~- 
tion by metallic lithium and its organic compounds is treated in Refs. 

26, 28, 36-55. A special property of monomer polymerization under the 
influence of organic alkali~metal compounds is that the structure of 

the polymer chain, and thus also the properties of the polymer formed, 
depend on the nature of the catalyst and the medium applied (Tables 1, 2). 
Polymerization in the presence of "alfin" catalysts is described in 

Refs. 37, 56-62 (the term "alfin" was formed at an early investigation 
stage of this new catalyst, when it was assumed that only two components - 
sodium alcoholates and olefine compounds of sodium - were required for 

its preparation). The mechanism of polymerizations initiated by this 
catalyst is not yet wholly understood. The nature of the catalyst, how- 
ever, and rules observed in the reaction, indicate it to be an anionic 
polymerization. The simultaneous occurrence of anionic- and radical 
polymerizations in the presence of alkali metals is described in Refs. 

23, 63-70. It was shown that the formation of an ion~radical in the re- 
action of an alkali metal with an unsaturated molecule does not always 
lead to anionic polymerization. In some cases the competitive radical 
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AUTHORS : Gantmakher, A. R., Medvedev, S. 3., Abkin, A. D. 
ema a iho ay 


TITLE: Low-temperature polymerization of ethylene tetrafluoride in 
liquid phase by the action of gamma radiation “4, 


PERIODICAL: Vysokomolekulyarnyye soyedineniya, V. 3, no. 2, 1961, 320 


TEXT: In this letter to the editor the authors state that they were the 
first to examine the liquid phase polymerization of ethylene tetrafluoride 
under the action of gamma radiation. fhe polymerization was conducted in 
sealed glass phials in the absence of oxygen, at ~55°C and 10 roentgen/sec. 
Under these conditions, the reaction took place at a high rate and was "a 
accompanied by the formation of a solid polymer. Afer one hour, the yield 
of polyethylene tetrafluoride was 35%. It was increased up to 95% by a 
radiation of 6 hr. The studies were continued by Ye. F. Volkova, A. V. 
Fokin, V. M. Belikov (Tezisy dokladov na II Veesoyuznom soveshchanil po 
radiatsionnoy khimii, 1960 str. 65 (fheses of the Reports on the 2nd All- 
Union Conference of Radiation Chemistry, Moscow, 1960, p. 65) Ref. 1). The 
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publications show (S. S. Medvedev, A. D. Abkin, P. M, Khomikovskiy, G. N. 
Gerasimov, V. F, Gromov et al., Vysokomolek. soyed. 2, 904, 1960, Ref. 2) 
that ethylene under similar conditions is polymerized more slowly, This 
difference in the polymerization rates of ethylene tetrafluoride and 
ethylene may be due to a slower rupture of chgins by recombination in the 
polymerization of ethylene tetrafluoride due to repulsive forces. ‘The 
latter occur in the approximation of perfluorinated radicals of polyethy- 
lene tetrafluoride. The slow rate of chain ruptures may also be due to 
topochemical peculiarities occurring in ge polymerization of ethylene te- 
“Zs a full translation from the 


trafluoride. {[Abstracter's note: this 
original.] There are 2 Soviet-bloc refe ances, 


SUBMITTED: October 29, 1960 
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AUTHORS: Arest-Yakubovich, A. Av, Gantmakher, Ap R., Medvedev, 5.5. 
TITLE; Conditions of the formation of metalaromatic initiators of 
polymerizution 


PERIODICAL: Vysckomolekulyarnyye soyedineniya, v. 4. no. 7; 1961, 
1003-1009 


TEXT; The paper deals with the problem of catalytic polymerization, 
initiated by electron transfer from the atom of the alkali metal to the 
molecule of an aromatic compound which has a sufficiently high affinity 
to the electron: Me + Are2= Met + Ar™ (1). ‘The general conditions were 
atudied fnr the course of this reaction, in order to synthesize metal- 
aromatic complexes of different structure and to study the polymerization 
mecbauis.. an the presence of such initiatcrs. All cperations were per- 
formed either in high-vacuum cr anhydrous and oxygen-free nitrogen 
atmosphere. The following results are given: 1) Interaction between 
alkali metals and aromatic compounds in hydrocarbon medium. To prevent 
inactivation of the metal by a film from the reaction products with the 
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aromatic compound, the experiments were carried out above the melting point 
of the metal. Sodium gave at 110-120°C in octane or toluene no reaction 
preducts with naphthalene cr phenanthrene. even after 5-8 pr. With 
anthracene, Na wave u: snis temperature a red-viclet. at 140-160°C a 

black powder. This product was completely soluble in tetrnhydrofuran 

(THF) and triethylamine (TEA). These solutions had a charncteristic color. 
The eutectic alley of K with Na (85% K) quickly reacted with naphthalene 
and diphenyl at room temperature in hydrocarbon medium. Gray-black 
powders were formed. Wo reaction tcok place in the presence of benzene. 

In general, however, metalaromatic complexes will alsw oe formed in non- 
elactron-donor medium, if the metal has a low ionization potential and the 
hydrocarbon a high affinity to the electron. 2) Reactions in TEA medium. 
Lithium forms with naphthalene a cherry-red solution at room temperature. 
No reaction was observable with diphenyl even after 10 days. Na with 
phenanthrene gives only weakly colored solutions, but, with anthracene, 
quickly a soluticn which was green in the reflected light, and red in the 
transmitted light. A greenish-black film is formed on K under the action 
of naphthalene, which was insoluble in TEA. 3) The metalaromatic complexes 
were isolated after reaction in THF medium by filtering and subsequent 
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evaporation of the golvent in the high vacuum. Sodium-naohthalene de- 
composed after removing THF to give its initial components, sodium- 
anthracene was stable. In the complex of potassium-naphthalene, a black 
powder, the K/naphthalene ratio was 1:1. In the case of lithium- 
naphthalene, THF could not be completely removed. ‘This is explained by 
the property of Li to form complexes with etheraal (exygean-containing) 
solvents. 4) The initiating effect cf metalaromatie compeunds was 

studied on polystyrene. In the presence of Na-naphthalerne, polymerization 
preceeded very quickly not only in pore THFy but alsc in toluene + 2<4:;THF. 
In the presenre of Na-anthracene (about 4073 moie/1) polymerization in 
toluene - TEA = *:1 preseeded slowly at 25°C, but was accelerated by a 
temperature rise. Na-anthracene initiates styrene peiymerization also 

in inert medium (toluene). The solid aodium-arcmatic complex dissolves, 
and the reasticn rate increases more and more. 5) To estimate the 
probability of an interaction between alkali metal. and aromatic compound 
forming aclukie products, the feilowing equation is diseusaed; 

SE =-L - T+AtS +8 +y (4). where AE denotes the change in energy in 


the reaction, L the sublimation heat of the metal, T its fenization 
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potential, A the affinity of the aromatic compound to the electron, Ses Sq 
the solvation energy of the cation and anicn, respectively, andy the 
energy of the coulomb interaction between the latter two. Basing on 
published data the following is written for the formation rate of metal- 
aromatic complexes: Li< Na ¢ K; benzene < diphenyl < naphthalenec 

<€ phenanthrene < anthracene. But in some casea the cation of lithium 
reacts more intensely than-K and Na. owing to solvation. A figure 
illustratas schematicaliy the aenditions for the formation cf metalaromatic 
complexes. There are ‘ figure, 2 tables, and 29 references: 9 Soviet-bLoc 
and 18 non-Soviet-blos. The 4 most impertant references to English-~ 
language .publications read ag follows; M. Szwarc, MsLevy, RoMilkovich, 
J.Amev.Chem.Soc., 78, 2656, 1956; DoH. Richards, M.Szwarc, Trans, Faraday 
Soc., 55, 1644. 1959; J.P.y. Gracey, A.R. Uhbalchde, J.Chem.Scec., 1955, 
4089; ReM. Hedges, FeAsMatsen, J.Chem.Phys., 28, 950, 1958, 


ASSOCIATION; Piziko-khimicheskiy institut im. L.Ya. Karpov. 
(Physicochemical Institute imeni L. Ya. Karpov) 


SUBMITTED ; Septembar 8, 1960 
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AUTHORS: Spirin, Yu. L., Polyakov, D. K., vantmakher, A. R., and 
Medvedev, S. S., Academician ame 


TITLE: Polymerization of styrene, butadiene and isoprene, initiated 
by lithium ethyl in various media 


PERIODICAL: Akademiya nauk SSSR. Doklady, v. 139, no» 4, 1961, 899-902 


TEXT: The authors investigated the separate polymerization and 
copolymerization of monomers a) styrene, b) butadiene, and c) isoprene, 
which was initiated with lithium ethyl and oarried out in 1) toluene, 2) 
triethylamine (amine), 3) diethyl ether, 4) dioxane, and 5) tetrahydro- 
furan (THF). Thus, the dependence of the reactivity of these monomera on wi 
their structure and on polymerization conditions wae to be clarified. 

The methods were desoribed in previous studies (Ref. 1: Yu. L. Spirin et 
al., Vysokomolek. soyed., 2, 1082 (1960); Ref. 21 L. M. Lanovekaya et ale, 
dbid., 1391). In all three cases, the molecular walght of the polymers 
inereased in 1)-5) with the intensity of polymerization. Its dependence 
on the concentration C of the components was close to the ratio M/C (Ref. 
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3; M. Szwarc & al. J. Am. Chem. Soc., 78, 2656 (1956), Ref. 41 F. Welch, 
ibid. 81, 1345 (1959)). The walls of the dilatometer were subjected to 
special treatment when the investigation took place at a Low concentration 


of the initiator (107? mole/1). In these cases the concentration of 

the active centers was determined on the basis of the molecular weight. 
In the presence of 2) to 5), a bulb dilatometer melted from one piece of 
quartz was used for polymerization, the concentration of active centers 
being determined spectrophotometrically at a given wavelength. 1): Even 
at relatively low concentrations of the initiator, deviations from the 
proportional dependence of the rate on the concentration of the initiator 
occurred. The rules observed were previously explained (Ref. 1) by the 
foruation of mutually associated "live" polymers in hydrovarbon media. 
They are inactive during polymerization. The association of the active 
centers was also proved viscosimetrically: The viscosity of the solutions 
of the "live" Li polyisoprene in toluene dropped considerably due to 
deactivation. The equilibrium between the associates and the monomer 
centers which are active during polymerization, is displaced with the 
temperature rise in the direction of the latter. Thus, the activation 
energy of the process is lowered. This takes place even at a 
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concentration of the initiator of ~0.5°1074 mole/i. Thus, an association 
exists also under these conditions, The authors eatablished that the 
association of the active centers increases as follows: Li polystyrene 
¢CLi polyisoprene ¢ Li polybutadiene. The relative reactivity of the 
monomers inoreases aa followst atyrene ¢ isoprene “butadiene. 2) - 5)1 
Polymerization is acoelerated with the introduction of these solvents, 

but the activation energies are reduced correspondingly. THF (0.6%) which 
reduces the activation energy of styrene polymerization in toluene from 
14.5 to 6.8, has the strongest effect. However, the activation energy of 


isoprene polymerization in THF rises with temperature increase. This 
seems to be explained by a degenerate passing on of the chain (19565) the 


monomer (Ref, 61 8. Ye. Bresler et al., ZhTF, ser, A, 28, 114 (1956 ys 
The association of the "live" polymere is t0nsiderably reduced in the 
presence of 2) to 5), aince 2) to 5) form complexea with lithium. 
Association of the Li polystyrene is abeent in the medium of 2) to 5) 
(there is a proportional dependence between the rate of polymerization 
and the concentration of the initiator); Li polyisoprene is slightly 
associated in amine; Li polybutadiene is considerably associated in 
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amine. Even in THF, which is a solvent of hign dissolving capacity, some 
associations of Li polybutadiene occur. This the authors believe to be 

a dependence of the degree of association of the active centers on their 
construction. In previous studies (Ref.1; Ref. 71 Yu. L, Spirin & al., 
Vysokomolek. soyed., 1, 1258 (1959))the authors explained the 

peculiarities of tha polymerization of non-polar monomers of the above 

type by the participation of the lithium component, besides the carbanion 
component, in the growth of the chain. The introduction of 2) to 5) 

which form complexes with the lithium component of the catalyst, reduces 
the effect of this component on the growth of the chain. The mechanism 

of the process is changed correspondingly. It approaches a typical 

anionic polymerisation in the presence of admixtures of high dissolving 
capacity (THF). The authors presume that the reduction of the activation 
energy with increasing THF concentration takes place due to the destruction 
of associates as well as through a change of the complexes between THF 

and the active centers, and through the increase of the dielectric constant 
of the medium. Inspite of different dielectric constants of ether and 


dixane (4.33 and 2.28 at 20°C), the polymerization of styrene in it 
proceeds at a comparable rate and activation energy. The authors also 
Cara 4/6 
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investigated the composition of copolymers .. the systems satyrene- 
isoprene and styrene-butadiene in the presence of 2) to 5), and calculated 
the copolymerization constants for amine and THF. The relative portion 
of styrene in the copolymer rises in these systems when 2) to 5) are 
introduced. It may be seen from the data that the affect of the solvents 
on separate polymerization and copolymerization is not always the same. 

In the presence of THF, the copolymers are strongly enriched with 

styrene and correspond to the compositions from vypical anionic processes 
(D. E. Kelley, A. V. Tobolaky, J. Am. Chem. Soc., 81, 1597 (1959)). The 
relative reactivity of monomers increases in THF, e. g., isoprene € 
butadiene ¢ styrene. The authors presume that the reactivity of 

monomers on separate polymerization in polar media is changed in the 

game sequence as in the case of copolymerization. The effect of solvents 
1) to 5) on polymerization largely depends on their electron-donor 
capacity. Relatively weak electron donors like amine, ether, or dioxane 
change the polarization of the Li-C bond only slightly. In individual 
cases, they even increase the activation energy of chain growth as 
compared with hydrocarbon solvents. The strong electron donors (THF), 
however, entirely eliminate the effect of lithium. Thus, the polarization 
Card 5/6 
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of the Li-C dond is abruptly increased. The process ig here brought 
nearer to that of typical anionic polymerization, where the carbanion 
forms the active center. There are 1 figure, 2 tables, and 8 references: 
4 Soviet-bloc and 4 non-Soviet-bloc. The most important references to 
English-language publications see in the body of the abstract, 


ASSOCIATION: Fiziko-khimicheskiy institut im. L, Yo. Karpova 
(Physicochemical Institute imeni L. Ya. Karpov) 


SUBMITTED: April 24, 1961 
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AUTHORS: Arest-Yakubovioch, A. A. Gantmakher, A. R. sand Medvedev, S. Sy 
Academician 


TITLE: Anionic polymerization in the presence of aromatic compounds 
PERIODICAL: Akademiya nauk SSSR. Doklady, v. 139, no. 6, 1961, 1351-1353 % 


TEXT: The aim of this article was to find out whether aromatic hydro- 
carbons participate in an anionic chain growth. The authors found that 
the anionic polymerization of styrene (in tetrahydrofuran, initiated by 
sodium-aromatic complexes) is strongly retarded by anthracene. The 
retardation depends on the ratio’of anthracene to styrene. Anthracene 
exerts an inhibitory effect both if it is added together with the initiator 
(sodium naphthalene or sodium anthracene) and if a styrene - anthracene 
mixture is added to "live" polystyrene obtained from sodium naphthalene or 
sodium diphenyl, The authors conclude that this process takes place with 
a constant number of active centers, This number is equal to the amount 
of the initiator used and no chain transfer takes place. Hence, the 
ee retardation is not related to the decrease of the number of 
Card 1/4 ; 
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active centers as a result of the shift of the initiation equilibrium of } 


A™+C <? A+0* (II) to the left-hand side. A is anthracene and C atyrene; 
the asterisks denote the ion radicals, i. e. the molecules having an 
excess electron. Hence, the excess electrons completely pass from 
anthracene into styrene. The lacking of A*in the system was also spectro- 
photometrically confirmed. The complete consumption of a* ig explained 


by an irreversible consumption of C™ as a result of the reaction with the 
monomer and of recombination. Also the low monomer consumption in the 
initial stage which results from an abrupt retardation of the growth 
reaction in the presence of anthracene contributes to this effect. This 
retardation is probably related to the participation of anthracene in 
growth processes, It ig assumed that a joint polymerization of 
anthracene and styrene takes place since anthracene is very active in the 
radical reactions. Publications contain no data on the participation of 
anthracene in anioni The kinetic effects observed by 
anthracene adds to the carbanions 
and little active anion since the 
This assumpvion was confirmed 
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experimentally. An amount of anthracene that was three times higher than 
the number of active centers was added to a solution of "live" polystyrene 
(obtained with sodium naphthalene). The electron spectra showed that 
anthracene copolymerizes with styrene. In contrast to ordinary "live” 
polymer whose spectrum is essentially changed already one day after the : 
production, the spectrum of the polymer produced from anthracene remains { 
practically unchanged for three days. The shift of the maximum oan be 
explained either by the complex formation between anthracene and the 

active centers of polymerization which takes place according to M. Levy 

(Ref. 7, see below) or the shifted maximum 445 mé&corresponisto the. 
anthracene carbanions at the ends of the polymer chains. Large amounts of 
naphthalene (up to 50% as referred to styrene) influence neither the 

reaction rate nor the moleoular weight. However, they essentially change 

the spectrum of the "live" polymer. The maximum at 340m disappears 
while maxima.at 430 and 550 mu reappear. The polymer is oapable of 
absorbing further monomer portions while keeping its changed spectrum. 
The polymerization of a less active monomer a8, @e Boy butadiene, is more 
strongly inhibited by, anthracene. Thus, anionic polymerization of buta- 
diene at 20°C practically stops already at an anthracene-to-butadiene 
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ratio of 1 : 30. It is concluded from the spectral data that "live" 
polybutadiene reacts with anthracene in the game way as "live" eau | 
There are 2 figures and 11 references, 3 Soviet and 6 non-Soviet. The 

two most important references to English-language publications read as 
follows: Ref. 1: M. Szware, M. Levy, R. Mi7sovich, J. Am. Chem. Soc., 

78, 2656 (1956); Ref. 7: M. Levy, F. Cohen-Bosidan, Polymer, 1, 517 (1960). 
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AUTHORS: Zabolotskaya, Ye. Ve; Khodzhemirov, V. A, Gantmakher, A. R.; 
and Medvedev, S, 5.,; Academician SS 
TITLE: Polymerization and copolymerization of isoprene under the 


action of a-TiCl,-Al(CoH,) 5 
PERIODICAL: Akademiya nauk SSSR. Doklady, v. 140, no. 4, 1961, 825 - 826 


TEXT: The authors studied the kinetics of polymerization of isoprene alone 
and together with styrene under the action of titanium trichloride and 
triethyl aluminun, fo prevent precipitation of the polymer, benzene wes 
used as solvent. Polymerization was carried out dilatometrically. The 
components were dosed in analogy With data in Ref. 1 (Ye. V. Zabolotskaya, 
A. R. Gantmakher, S. S. Medvedev, Vysokomolek. sgyed., 2) No. 8, 1213 
(1960)). All kinetic data were determined at 75°C, the degree of conversion 
did not exceed 10% by weight. Viscosity, molecular weights, and 
compositions of polymers Were determined in dry argon atmosphere. The 
average-weight molecular weights (My) were measured by the light scattering 
method, the average-number molecular weights (mM, ) by the osmotic method. ow 
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The compositions of copolymers were determined by IR spectroscopy. The 
autnors thank N. V. Makletsova and A. P. Golovina for meesuring the 
molecular weights, and N. V. Desyatove for carrying out the spectrometric 
measurements, When studying the polymerization of isoprena, polymerization 
rate and titanium chloride concentration per unit volume were found to 

be linearly dependent. This indicates that the number of active centers 

1s determined by the concentration of the TiC], -A1(CoH,. 3 compiex on 


the surface of TiCl,. All experiments were performed with TiCl, of a 
3 


3 
medium grain size of 1.5-2,.. The relation between polymerization rate 
and monomer concentration, however, is not linear, polymerization rate 
increases more slowly than isoprene concentration. Polymerization 
probably takes place on the catalyst surface via complex formation of 

the monomer with the titanium component of the catalyst, and subsequent 
penetration of a polarized monomer into the Al-C bond, The total 
activation energy of polymerization was determined to be 12 kcal/mole 

from the temperature dependence of the polymerization rate of isoprene at 
60 - 95°C. Table 1 shows the results of moiecular weight determinations. 
The ratio M, /M, 1s close to unity, which indicates that the resultant \ 
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polyisoprene exists in the monodisperse phase. The molecular weight 
depends slightly on the monomer concentrations. ‘When studying the 
copolymerization of isoprene and styrene, the composition of copolymers 
and the polymerization rate were determined as a function of the composi- 
tion of the initial mixture (Figs. 2, 3). It may be seen from Fig. 2 that 
the copolymers are considerably enriched in isoprene as compared with the 
composition of the initial mixture. Fig. 3 shows that the rate of 
copolymerization is much lower than the rates of separate polymerizations 
of isoprene and styrene. The inhibitory effect of isoprene is 
particularly high if it is added to styrene in small quantity. The 
inhibitory effect is due to the reduced reaction rate when a polarized 
monomer enters the Al-C bond of the transition complex of the chain with 
the catalyst. This decrease in rate takes place when the styrene nolecule 
in the end group of the chain is replaced by isoprene. It was found that 
the molecular weights 6f polymers vary cymbately with a change in polymeri~ 
zation rate at different compositions of the initial mixture (comparison 
of data from Table 1 with Fig. 3). There are 3 figures, 1 table, and 

8 references: 3 Soviet and 5 non-Soviet. The three references to English- 
language publications read as follows: J. Still, Chem. Rev., 58, 541 
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(1958); G. Natta, J. Pasquon, Advances in Catalysis, 11, 68 (1959); N. G. 
Gaylord, Trans. N. Y. Acad. Sci., 22, NO 6, 387 (1960). 


ASSOCIATION: Fiziko-khimicheskiy institut im. L. Ya. Karpova (Physico- 
chemical Institute imeni L. Ya. Karpov) 


SUBMITTED: May 29, 1961 


Table 1. Molecular weights of polymers (the molecular weight of 
polys*ytene is of the order of 10° (Ref. 1)). 

Legend: (1) moles/liter; (2) moles/liter-min; (3) isoprene in the initial 
mixture, mole%; (4) molecular weight-1073. 
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AUTHORS: Basova, Re. Vey Gantmakher, A. R. 
TITLE: Polymerization of unsaturated compounds in the presence of 
K metal and organopotassiun compounds in hydrocarbon media 


PERIODICAL: Vysokomolekulyarnyye soyedineniya,,v- 4, no. 3, 1962 Mr 
361-365 (BA 15:3) 


TEXT: The authors studied the separate and joint polymerization of 
styrene (I), isoprene (II), butadiene (III), and a-methyl styrene (IV) in 
the presence of K metal and organopotassium compounds in hydrocarbons. 

In separate polymerization, chain transfer was studied in the presence of 
hydrocarbons with different proton donor properties. According to P. P. 
Shorygin (Issledovaniya v oblasti metalloorganicheskikh soyedineniy 4 
natriya (Studies in the field of organometallic Ne compounds), M- 1910) 

the reaction “R'K + RI —>~R'll + RK (1) takes place, with R' = the polymer 
carbanion, and RH = hydrocarbon. Whether transfer, degenerate transfer, 

on chain rupture take place depends on the acidity of RE and stability of 
R. With the exception of IV, 10030 conversion was reached. Polymerization 


cara(1/3) 
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of I in toluene and benzene yielded polystyrenes having molecular weights 
of 135,000, and 350,000. It was polymerized in benzene, cumene, 
isobutylene, and toluene, metallization of which increases in the given 
order. The copolymerization of I, II, and III (ratio 1: 1) in hydrocarbons 
with a conversion of £30 at 0°C, was initiated by benzyl potassiun. 
Refractometric and infrared spectroscopic studies revealed decreasing 
activity in the monomer sequence I)III7II. Since the K-R bone is more 
polar than the Na-R and Li-R bonds, the polymerization with organopotassium 
compounds is similar to anion polymerization, even in a hydrocarbon 

medium. In the presence of K metal there are much more anion than radical 
reactions, since the I-II copolymer obtained with benzyl potessium contains 
more I than that obtained with K metal. ‘The polymerization of III in 
benzene, initiated by K metal, yielded colored, highly viscous poly- 
butadiene. When using cumene, the solutions remained intensively colored, 
and the molecular weight was constant. The drop in molecular weight was 
smaller on transition from benzene into toluene (362,000 —» 41,700) since -- 
polybutadiene carbanion is likely to be more stable than polyisgoprene 
carbanion. Benzyl potassium initiates the polymerization of the more 
active butadiene with formation of high-molecular potassium polybutadiene. 


Deenerate transfer, metallization of the CH, group of IV, and formation 
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capability of toluene of active chain transfer in the polymerization of II 

and III is due to the lower stability of polyisoprene and polybutadiene 
carbanions toward benzyl carbanions. The polymerization of nonpolar 

monomers in hydrocarbons, initiated by Na and Li metals, is no anion 
polymerization and causes no chain transfer. ‘There are 2 tables. The 

most important reference to English-language publications reads as 

follows: A. A. Morton, MN. L. Brown, J. Amer. Chem. Soc., 69, 160, 1947. Ne 


of a stable carbanion took place even in the presence of toluena. The 
2 
an 
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Solovykh, D. A., Arest-Yakubovich, A. A., Gantmakher, A. Re, 
Medvedev, S. S. ae 


Polymerization of styrene and butadiene initiated by sodium 
naphthalene in weakly polar media 


PERIODICAL: Vysokomolekulyarnyye soyedineniya, v- 4, no. 5, 1962, 
102-703 


mExT: The activation energy and rate constants of the homogeneous 
polymerization of styrene and butadiene with organosodium initiators in 
hydrocarbon media in the presence of small tetrahydrofuran additions were 
determined for the first time by a two-stage method. First, "live" polyners 
were obtained by preliminary polymerization of ~ 1/6 of the monomor with 
sodium naphthalene in a tetrahydrofuran medium, and were then used .as 
polymerization initiators in toluene or cumene with tetrahydrofuran. The 
polymerization rate was measured between -60 and -35°C and the initiator 
concentration was determined from c = 2m/M, where m is the amount of 
polymerized monomer in g, c is the number of initiator moles, and M is the 
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, molecular weight of the polymer. Toluene caused chain transfer during 


butadiene polymerization with 6.5% tetrahydrofuran. The polymerization 
rate of styrene and butadiene in toluene was found to increase with 


transition from organolithiur to organosodium initiators. There is 
1 table. 
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-d[m]/at = Ki] [uin}’/ (1), n>1 for chain Propagation showed that n 

depends on the carbanion structure. For polystyrene n~2, for poly- 7 
isoprene n¥3 - 4, and for polybutadiene nv5 - 6. The following reaction se 
for chain propagation is established: 7 


Kes 
2i-1 

RM,Li + (Ri Li). _, —— (RM, Li), ; i= 2, 3, 4, ... ; 
2i 


K a : 
5 pa ts Be : ; é : ch tifa 
RG Li + 1 E> RM, bie -d(ht]/at » Ka] Wigs g/m. Kal Lif, : / 


which shows good agreement with the experimental equation (1). The 
slight change in activation energy brought about by changing the initiator 
concentration approximately the 103-fold, proves the stability of the 
associates and the constancy of their composition. The active centers were 
mainly in an associated state even at an ethyl lithiun concentration of 

10°? moles/1. There are 3 figures and 1 table. The most important 
English-language references are: F, Welch, J. Am. Chem. Soc., 81, 1345 
(1959); D. I. Worsfold, S. Bywater, Canad. J. Chem. 38, 1891, (1960), 
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AUTHOR: —Basova, RB. V., Avest-yekuvovich A. AL, SdlLovyida , De Rey. 19 
Desyatova, N. V., Gantialner, A. R. and WedvedevS- s._ oa 4 
TITLE: Folymerization*of butadiene\in the presente of nlkoli metals | | 
: anc their compounds in different media . 7 er ge 


PERIODICAL:  Akademfya nauk SSSR. Doklady, v. 149, “to. 5, 1963, 1067-2070 


_ ‘TEXT: Literature on. the polymerization of dienes, initiated: by alkali ‘metals 
and their compounds, notes that the proportion of structures characteristic : 
of the anion tyne of polymerization, contrary to expectations, decreases With: 
. increasing polarity of the Me-R bond (Me -~ alkali metal) in hydrocerbon | 
media. The authors of this work, devoted to investigation of the effect or 


polymerization conditions on the structure of butadiene, pay special attention 


_ to this problem. ‘the investigation was performed under vacuum conditions, 
with prior thorough cleaning of monomers and solvents. © The results obtained ©: . 
show that the increase in the proportion of 1,2-structures of polyoutadiere | 
and 3,4-structures of polyisdprene "\observed upon transition from potassium 
to sodium compounds in a hydssearbo medium is due to the presirice of 
impurities solvating the Opposite-chirged ions. ‘There are 2 tubles. 


ASSOCIATION: . Fiziko-khimicheskiy institut im. L. Ya. Karpova (Paysicom 


ee chemical Institute iment L. Ya. Karpov) SDEMITTED ¢ | January 10, 1 
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POLYAKOV, D.K.; SPIRIN, Yu.L.; GANTMAKHER, A.R.; MEDVEDEV, S.S., akademik 


2 AVE tere. cag ice 


Nature of carbon —- alkali metal bond studied by means of electron 
absorption spectra, Dokl. AN SSSR 150 no.5:1051-1054 Je '63, 


(MIRA 16:8) 


1. Fiziko-khimicheskiy institut im, L.Ya.Karpova, 
(Chemical bonds) (Carbanions--Absorption spectra) 
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AUTHORS: Zabolotskaya, Ye. V.; Khodzhemirov, V. A.; Gentmakher, A. Re; Fedvedev, 


Ss. S. Fas ace naa ree ee 


TITLE: Polymerization and copolymerization of isoprene in the presence of alpha- 


SOURCE: Vy*sokomolekulyarny*ye soyecineniva, v. 6, now 1, 1964, 76-80 


TOFIC TAGS: polymerization, copolymerizrtion, isoprene, styrene, catalyst, elpha 
titanium trichloride, triethyl slum nun, polymerization rate, copolymerization rate, 
activation enérgy : 


ABSTRACT: The polymerization of isoprene and its copolymerization with styrene rere 
conducted in benzene, in the presence of alpha-Ticl, - AL(CoHs) 4. The work was done 


at 75G, and the extent of polymerization did not exceed 10%. The polymers were 
reprecipitated by methanol and subjected to chemicel analysis, determination of 
viscosity, molecular weight, and infrared spectroscopy. ‘When 0.97-3.03 Vol/liter 
concentrations of isoprene (constant amount of catalyst) vere tested, it was 
observed thet the molecular weights of the obtained polymers were independent of the 
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, Lsoprene.concentration, and that the increase in polymerization rate was not 

‘ proportional to the concentration of the monomer, But the polymerizstion rate of _ 
‘ dsoprene proved to be proportional to the amount of TCLs, as is also the case with 


styrene and the olefines, Within a temperature range of 60-956 the yield of the 
polymer increased with the temperature, The overall activetion energy of isoprene 

, Polymerizetion was estimated as 13 + 0.5 Keal/Mole. The copolyneri zation of =: 

/ dsoprene with styrene showed that an 8.5% addition of isoprene hed a three- to four- 

, fold lowering effect on the polymerization rate of styrene and on its molecular 

: weight. The copolymers were greatly enriched in isoprene. The addition of styrene 

' to the {soprene monomer lowered the polymeri zstion rate of isoprene more moderete?: . 
Thanks are given to N. V, Makletsov and L. P, Golovin for molecular weight deter- 
minations, and to N. V. Desystov for analysis of composition of the polymers. Orig. 
art. has: 2 tables and & charts, 
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AUTHORS: Zabolotskaya, Ye. V.$ Khodzhemirov, V. A.; Ganttakher, A. R. ; Medvedev, 
one prdererccaPias ate Dea di 


by AA TiCl, ~ A1(CoH,), 


SOURCE: Vy*sokomolekulyarny*ye soyedineniya, v. 6, no. 1, 1964, 81-85 


TITLE: Investigation of polymerization mechanism in isoprene with styrene. catalyzed 


TOPIC TAGS; polymerization, styrene, catalyst, isoprene, copolyner chain, monomer, 
differential composition : 


ABSTRACT: The mechanism of the % TiCl, - Al(C,E ); combination catalyzed polymer- 
ization and copolymerization of -lsoprene’and styfere"has been investigated. It is 
assumed that in the primary initiation, the reaction a CHUR—CIfs—CH, 
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has no effect on the polymerization rate, and tha polymer molecule dimension is 
limited by the reaction break-off of molecular chains. The polymerization rates for 
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styrene and isoprene then yield respectively y a™™kya3,' The rate constant ka 
a : t a. S 


ee 


Va=kgneay. 
of isoprene molecule transition ig determined from the catalytic complex to the 


copolymer chain as 4-15 x 107*min”’, From differential rate equations desoribing 
the entry of each monomer (styrene A, isoprene B) into e copolymer, equations of 
differential composition of the polymer for each monomer are derived 

o aaa Kyeark, {A] 1 


oe ta! ; 
dA [A] karat hy (BIT Tt » from which copolymerization constants r and r 
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determined as being 0.1 and 6.0, respectively, It has been shown that inhibition of 
styrene polymerization by small isoprene additions is due to a decrease in styrene 
molecule addition rate to the end of the polymer chain when this unit is an 

i isoprene rather than a styrene rosidue. Orig. art. has: 16 formulas, 1 figure, and . 
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Authors 


Title 


Periodical 


Abstract 


Institution : 


Submitted 


Ayzerman, M. A.; Gantmakher, F, R. 


Conditions for the existence of a region of stability for a single- 
circuit system of automatic regulation 


Prikl. mat. i mekh., 18, 103-122, Jan/Feb 1954 

A single-circuit system is described by systems of linear differential 
equations with constant real coefficients. For each different system, 
necessary and sufficient conditions are proved for the existence of a 
region of stability. The basic result of the article is a necessity 
theorem for a -v-tem whose characteristic equation has the form: 

(I) (2) 

D''"(p) #D'“{p) = 0. 

Moscow Physicotechnical Institute, Moscow 


September 12, 1953 
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Author > Ayzerman, M. A., and Gantmakher, F. R. (Moscow) ; 


ene Moreaney: Putas 
: Title > Aclass of dynamic problems that reduce to the theory of relay systems 


‘Periodical : Prikl. mat. i mekh., Vol. 19, 222-20), | Mar-Apr 1955 


Abstract : The author studies an oscillatory system described by the following equa- 
tions: aij(p)xj-Myz = Aisin(wttay), 2 = 2( (tensor summation convention 
applies to repeated indices; del,..,n; ped/dt), where x; and s are gen- 
eralized coordinates of the systen, di4(p) are polynomials with real co- 
efficients, w,M1,Aj,aq are given numbers, and function f(x_) corresponds to 
one of the graphs shown of step function. He notes that many problems of 
the theory of oscillations reduce to the determination of the periodic so- 
lution of the above system, where self-excited oscillations are represented 
by all Ai-O and Ay not zero represent forced oscillations in the zone of 
damping. Ten references (e.g. Ya. Z. Tsypkin, "Forced oscillations in re- 
lay systems of automatic regulation," Avtom. 4 telem., Vol. 13, No 5, 1952; 
"Stability of periodic regimes in relay systems of automatic regulation," 
ibid., Vol. 14, No 5, 1954). 


Institution : -.- 


Submitted : November 25, 1954 
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AYZERMAN, H.A.; GANTHAKHER. F.R. 


Comment of the article of M.A, Airzerman and F.8. Gantmakher 

"Conditions for the existence of a region of stability for a single- 

-circuit automatic control system," in PMM vol.18, no.1, '54. 

Prikl.mat.i mekh. 20 no.3:447 My-Je '56. (MLRA 9:8) 
(Automatic control) 
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Call Nr: AF 110825 
Transactions of the Third All-unton Mathematical Congress (Cont. ) Moscow, 


Jun-dul '56, Trudy '56, V. 1, Sect. Rpts., Izdatel.'stvo AN SSSR, Moscow, 1956, 231 PP. 
Vulikh, B. Z. (Leningrad). Semiordered Rings. 36-2 


Mention is made of Domrachev, q. I. 


There are 2 references, both of them USSR. 
Gavrilov, L. I. (Leningrad). K-continued Polynomials. 
There is 1 USSR reference 


Grantmakher, F. R. (Moscow). On Structural Lattice 
a y of the Sum of Two Polynomials. 


Gurevich, G. B. (Moscow). Algebra of a Group of Automorphisms 
of an Arbitrary Standard Zero-algebra. 


There are 2 references, both of them USSR. 


zavalo, S. T. (Cherkassy). Operator Free Groups. 
Card 8/80 
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AUTHOR 
TITLE 


PERIODICAL: 


ABSTRACT : 


Card 1/2 
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(ead a t 


AYZERNAN,M.A., GANTMAKHER,F.R. (Moscow) PA ~ 2555 
Determination of Périddic Solutions in Systems with a 
Straight-line Characteristic Composed of Line Pieces Parallel 
to two Given Straight Lines. II. (Opredeleniye periodiches- 
kikh rezhimov v sistemakh, soderzhashchekh kusochno-lineynyy 
kharaktepistiki, sostavlennyye iz zven'yev, parallel 'nykh 
dvum zadannym pryamym. II, Russian) 

Avtomatika i Telemekhanika, 1957, Vol 18, Nr 3, pp 193 - 200 
U.S.S.R. 

Received: 4 / 1957 Reviewed: 6 / 1957 


The problems which ean be solved according to the method quoted 
in the first part of the paper are generalized in four direc- 
tions inthe second part. 1) Complicated processes can be in- 
vestigated in systems with a binary broken characteristic. 

2) Continuous characteristics or characteristics consisting 

of any number of line pieces of different straight lines can 
be investigated on the condition that the angular coefficients 
of the straight lines are equal to one of the two given fac- 
tors k' and k". 3) Also more general conditions for the trans- 
ition of one characteristic- unit to the other can be examined. 
4) A far more general class of exterior influences (that is of 
the functions F,(t)) can be investigated, in the course of 


Which these functions have to be deterhined by their Fourier 
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PA ~ 2555 
Determination of Periodic Solutions in Systems with a 
Straight - Line Characteristic Composed of Line Pieces 
Parallel to two Given Straight Lines. 


series. It is assumedthat the period T can be devided into 
N stages and that during each stage the point X19 Y, moves 


on a straight line that has one of the given directions 
cetermined by the angular coefficients k' and k". It is assumed 
that for each i-stage (i = 1,2,....,N) the equation of the 
straight line and the conditions for the conclusion of the stage 
are given. The processes are illustrated by three examples. 

In the following chapter the equation of the periods in the ge- 
neralized problem will be deduced. ; 

(6 illustrations and 2 citations from Slav publications) 
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AUTHORS: Ayzerman, M. A., Gantmakher, PF. R., (Moscow) 103-11-7/10 
a ee E 
“TITLE: On Some Peculiarities of Switching Over in Non-Linear Systems 
oth Characteristic of & 


of Automatic Control with a Partly Smo 
Non-Linear Element (0 nekotorykh osobennostyakh pereklyucheniy 
v nelineynykh sistemakh avtomaticheskogo regulirovaniya s kusochno 
gladkoy kharakteristikoy nelineynogo elementa 
PERIODICAL: Avtomatika i Telemekhanika, 1957, Vol. -18, Nr 11, PP. 1017-1028 
(USSR) 
n 
ABSTRACT: The processes investigated appear 43 follows: x, = Zitat at 


n 
(dnt 2eceeoeD)s y=f(x), x02 B4x5~ ys where aj jByr Ag 


hem may also be noughts). It is 

tic y=f(x) consists of two smooth 
anches I and II of the character- 
istic. On these curves the points of convergence P, and P, are 
given. If the representing point moves in the plane Xe¥ atong 
one of the branches and reaches the point of convergence at t = 
transition to the other branch takes place at that moment. This 
is switching over, which can be continuous or discontinuous. 


and are numbers (some of t 
assumed that the characteris 
curves which are called the gr 
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On Some Peculiarities of Switching Over in Non-Linear Systens 103~11-7/70 
- of Automatic Control with a Partly Smooth Characteristic of a Non-Linear 
NS: Elenent, 


There is normal and sliding switching over. In the case of the 
latter, though the point passes over to the other branch, it 
immediately returns to the old branch in the same moment without 
moving along the new branch at all, Types of switching over in 
the case of characteristios consisting of infinite curves as well 
as of curve sections, and types of switching over in systens 
with a feedback closed Tound the non-linear element are in- 
vestigated. It is shown that, in the case of discontinuous 
characteristics, also in relay systems, in the case of sliding 
switching over considerable changes of x during sliding and 


discontinuous characteristics, which are different fron relay 
Card 2/3 characteristics, indefinite switching over, i.e. such with dis- 
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On Some Peculiarities of § 
of Automatic Control with 
Element. 


witching Over in Non-Linear § 
ystems 103-11- 
@ Partly Smooth Characteristic of a SoA 


continuities, which, however 

» cannot be determined b 
of the equations investigated here, can occur, iene kee 46 
figures and 5 Slavic references 


SUBMITTED: April 29, 1957. 


AVAILABLE: Library of Congress 
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AUTHOR: 
TITLE: 


PERIODICAL: 
ABSTRACT: 


AYZERMAN, M.A., GANTMAKHER, F.R. (Moscow) 40-5-7/20 


The Stability in Linear Approximation of Periodic Solutions 

of a System of Differential Equations With Discontinuous 

Right Sides (Ustoychivost' po lineynomu priblizheniyu periodi- 
cheskogo resheniya sistemy differentsial'nykh uravneniy 8 
razryvnymi pravymi peer a 


Prikladnaya Mat.i Mekh.,1957,Vol.21,Nr 5,pp.658-669 (USSR) 


In Lyapunov's classical investigations [Ref .1] the problem of 
determining stability of periodical solutions of systems of 
differential equations in noncritical cases could be reduced 
to the determination of the stability of the zero solution of 
the linear approximation. Here it must be presupposed that the 
right sides of the differential equations are analytic func- 
tions continuously depending on the arguments in a certain 
neighborhood. In the present paper the authors give & genera- 
lization of Lyapunov's theorems for the case that the right 
sides possess discontinuities for certain values of the argu- 
ments. Here it turns out to be necessary to define more 
exactly the notion of the linear approximation and to deter- 
mine what is to be understood by this in the discontinuous 
case. With the aid of the linear approximation thus defined 
some theorems are formulated and proved which are completely 
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The Stability in Linear Approximation of Periodic Solutions 40-5-7/20 
of a System of Differential Equations With Discontinuous Right Sides 


analogous to the corresponding stability theorems of 
Lyapunov. Thus the asymptotic stability and also the in- 
stability can be determined from the behavior of the solu- 
tions of the linear approximation of the non-linear initial 
system. There are 4 figures, no tables, and 2 Slavic refe- 


rences. 
Moskovwskiy. fiziko-tekhnicheskiy institut (Moscow Physico-technical 
Institute) 

May 15, 1957 

Library of Congress 
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AUTHOR: 
. TITLE: 


AYZERMAN, M.A., GANTMAKHER, ¥.R. 20-4-1/51 


Se aannRRa Re 
Stability after.the Linear Approximation of the Periodic Jolutions 


of .a. System of Differential. Equations With Discontinuous: Right 


PERIODICAL: © 
ABSTRACT: 
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Sides (Ustoychivoat'. po lineynomu priblisheniyu periodicheskikh 
resheniy sistemy di fferentsial '‘nykh urayvneniy s. razryynyai 
pravymi chastyasi) 


Doklady Akad.Hauk SSSR, 1957,Vol.116,Nr.4,pp.527-530 (USSR) 


Given the systen 


da, 
(1) au” £,(2,5-++rBqst) 


with the. periodic. solution.2,.= 2, (t), the period be CT. Let the 
f, be defined in. an.infinite cylinder with the axis 5, « ,(*). 
Let the sequence of hyper. surfaces By(a47-++28_9t) = 0 cut C 
into the regions Hy, © =1;255,-++5 where the curve s, = , (t) 


intersects the surface F,, in the. moment t = tx in My and thereby 
it ‘goes over from the “positive” to the “negative” side of PF, . 


ot 
Here the f; in My may have jusps a . Otherwise let the f, be 
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a ; 1 


continuous in all H q and. differentiable (uniformly with respect 
to +). with respect. to. 2,,.--53, in the points of the curve 
2,¢ ¥ (+) (t,_, St Sty ). In every domain Hy, for: given initial . 


conditions let (1) have a unique solution which can be: continued . 
to Hayy Let the f, be periodic in t with the period T. Let Fy 


be continuous and smooth in Mg, where on one side of the surface 
Fy >0 and on the other side Fe >0. The hyper surfaces Fy do not 


intersect eachother. The system of linear. approximation for (1) 
with respect to the solution z, = ay (t) is defined. as follows: 


1) let the integral ourves of this system be continuous between 
the planes. t = ty, and t = t,and there let then satisfy the 
linear system 


@) dx, 3 Of; 
2 = = 2. ( ) x, 
oe det RS Rt) a 
where the(s-~) are calculated for the values of f, in Hy. 
j a=8(t) 
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Stability After the Linear Approximation of the Periodic Solution 20-4-1/51 
of a System of Differential Equations With Discontinuous Right Sides 


2) In the points of intersection with the planes ¢ = t, the 


integral curves x, = x,(+) have jumps which are determined 


from. the linear relations: . 
(3) x, (tog +0) = y(t g-0) = oi 2 ne x, ( yO) » 


ce || . Poe 
x 


where 


J (ar, /at)” 
Theorem: If under these assumptions the trivial solution of (2)-(3) 
ie asymptotically stable, then the solution z, = zy (t) of (1) is 
asymptotically stable. too. 
Theorem:If only one root. of the characteristic equation of. the 
above defined linear system of approximation is greater than 1 
with respect to its absolute value, then the periodic solution 

Cara 3/3 co F(t) of (1) is instable. 
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